We study the galactic-scale triggering of star formation. We find that the largest mass-scale not stabilized by rotation, a well defined quantity in a rotating system and with clear dynamical meaning, strongly correlates with the star formation rate in a wide range of galaxies. We find that this relation can be understood in terms of self-regulation towards marginal Toomre stability and the amount of turbulence allowed to sustain the system in this self-regulated quasistationary state. We test such an interpretation by computing the predicted star formation rates for a galactic interstellar medium characterized by lognormal probability distribution function and find good agreement with the observed relation.
Introduction
Observations of normal spiral galaxies by Schmidt (1959) first suggested that their star formation rates (SFRs) scale with their global properties. This relation was extended to other galaxies with higher SFRs, such as the nuclear regions of spiral galaxies and Ultra Luminous InfraRed Galaxies (ULIRGs) by Kennicutt (1998) . These observations have lead to an empirical law for star formation, often called the Kennicutt-Schmidt (KS) Law:
where Σ gas andΣ star are the gas surface density and SFR per unit area, respectively.
Since star formation is a local process that happens on subparsec scales, the correlation with galactic scale (> 1 kpc) quantities, such as averaged Σ gas , suggests the existence of a physical connection between galactic and subparsec scales. Motivated by the observed KS law, several authors have tried to find a scenario in which a global/large scale property of galaxies could trigger and/or regulate star formation (Quirk 1972; Wyse 1986; Kennicutt 1989; Elmegreen 2002; Li et al. 2005) . The KS law may also be explained in terms of processes that are primarily local, within star-forming clouds (e.g. Krumholtz et al. 2009 and references therein).
From the study of gravitational instabilities in disks, the 'turbulent' Toomre parameter Q turb ≡ v rms turb κ/πGΣ gas (or related parameters such as the star formation threshold Σ crit ; Kennicutt 1989) arises as a natural candidate for a key triggering parameter. However, the average Q turb in a galaxy is observed to be close to 1, in galaxies ranging from local spirals (Martin & Kennicutt 2001 ) to starbursts such as ULIRGs (Downes & Solomon 1998) . Since observed values of Q turb (or Σ gas /Σ crit ) range over at most a factor of a few, the observed range in SFRs per unit area of seven orders of magnitude is difficult to explain solely in terms of this threshold. Therefore, further investigation is required to determine what controls the SFRs on galactic scales.
An important point, not generally addressed, is that, a disk at the condition of marginal Toomre stability can have a range of possible self-regulated states. For example, the nuclear disk in a starburst with Q ∼ 1 is much more turbulent than the disk of a normal spiral galaxy with Q ∼ 1. The goal of this work is to study which galactic property triggers this more turbulent behavior for some galaxies and why their SFRs can be orders of magnitude higher than in more 'quiescent' spiral galaxies. This work is organized as follows. We first review gravitational instability analysis in order to introduce the largest scale not stabilized by rotation, followed in §2 by a discussion of the correlation found between this largest scale and the SFR. Section 3 presents a physical interpretation of the correlation found, in terms of self-regulation due to feedback processes. In §4 we test such an interpretation by comparing predictions against the observed SFRs. Finally in §5, we summarize the results of this work.
The Maximum Scale not Stabilized by Rotation
In order to introduce the largest unstable length scale in galactic disks, we first review some standard results from gravitational instability analysis (Toomre 1964; Goldreich & Lynden Bell 1965) . For one of the simplest cases of a differentially rotating thin sheet or disk, linear stability analysis yields the dispersion relation for small perturbations (Binney & Tremaine 2008) 
s , where C s = dP/dΣ is the sound speed, Σ is the surface density, and κ is the epicyclic frequency given by κ 2 (R) = R dΩ 2 dR + 4Ω
2
(Ω being the angular frequency). The system becomes unstable when ω 2 < 0, which is equivalent to the condition Q < 1, where Q is the Toomre parameter and is defined as C s κ/πGΣ gas . In such a case there is a range of unstable length scales limited on small scales by thermal pressure (at the Jeans length λ Jeans = C 2 s /GΣ gas ) and on large scales by rotation (at the critical length set by rotation, λ rot = 4π 2 GΣ gas /κ 2 ). All intermediate length scales are unstable, and the most rapidly growing mode has a wavelength 2 λ Jeans (Binney & Tremaine 2008; Escala & Larson 2008) .
The maximum unstable length scale in a disk, λ rot , is a robust quantity because it depends only on the surface density and epicyclic frequency of the disk and not on smaller scale physics. Such a length scale has an associated characteristic mass, defined as equal to Σ gas (λ rot /2) 2 , which can be expressed as:
On the other hand, due to the complex structure and dynamics of the real interstellar medium (ISM) in galaxies, which cannot be described by a simple equation of state, there is not a well-defined Jeans length at intermediate scales. Therefore, there is no real lower limit on the sizes of the self-gravitating structures that can form until the thermal Jeans scale is reached in molecular cloud cores (Escala & Larson 2008) .
The combination of the observed correlations of SFRs with galactic properties, and the fact that this largest scale not stabilized by rotation is the only well defined galactic scale in the gravitational instability problem, is our motivation for exploring a possible link between SFR and this characteristic galactic scale.
The Law
In order to test the existence of a link between the largest scale not stabilized by rotation and the SFR in galaxies, we will check whether the mass-scale defined by rotation (Eq. 2) correlates with the SFR. For a rotationally supported system, the average of this mass-scale can be expressed in terms of quantities such as the gas mass and gas fraction (Escala & Larson 2008) :
where M gas is the gas mass in the disk and η = M gas /M dyn is the ratio of the gas mass to the total enclosed dynamical mass within the gas radius (this varies from the disk radius for spiral galaxies to the radius of the nuclear starburst disk/ring in ULIRGs). This expression (Eq. 3) has the advantage that it reduces the scatter due to error propagation compared to the original formulation (Eq. 2).
In Figure 1 we plot the maximum mass scale not stabilized by rotation estimated from Eq. 3 against the measured SFR (per unit area) in those galaxies. We plot normal spirals as star symbols, the nuclear gas in normal spirals as filled circles, and ULIRGs as open circles. For the computation of M rot we have considered only molecular gas masses and molecular gas fractions. This is because molecular gas should be intimately related to the SFR because it is this gas which eventually forms the stars in Giant Molecular Clouds (GMCs). Error bars displayed in Figure 1 show uncertainties estimated by error propagation from the uncertainties found in the literature.
The information for each data point plotted in Figure 1 is listed in Table 1 , together with a list of references to the works in the literature from which the values were taken. For the spiral galaxies,Σ ⋆ is estimated from the H α luminosity, the gas masses are estimated by the CO luminosity, and the dynamical masses are estimated using the method listed in Table 1 . For the nuclear gas in normal spirals, the gas masses are estimated using the CO luminosity, the dynamical masses from rotation curves andΣ ⋆ is estimated using method listed in Table 1 . Finally, for ULIRGsΣ ⋆ is estimated from the far-infrared luminosity, gas masses are estimated from the CO luminosity and dynamical masses are estimated using rotation curves. Figure 1 shows a clear correlation between M rot and the SFR per unit area, which supports the idea that this threshold mass has a relevant role in the triggering of star formation on galactic scales. The solid black line in Figure 1 shows a least-squares fit to the points in the figure and corresponds to a star formation law ofΣ ⋆ ∝ M 2.3 rot , with a scatter of 0.21 dex. This relation has a level of scatter comparable to the typical scatter found for the KS law. Moreover, this is the only correlation of the SFR with a galactic quantity with a clear dynamical meaning in terms of stability analysis, and therefore with a clear role in the star formation problem.
In summary, the correlation between the SFR and the maximum unstable mass defined by rotation is indeed observed in galaxies, over a range that spans almost eight orders of magnitude in SFR per unit area. Fig. 1 .-The star formation rate plotted against the critical mass-scale defined by rotation M rot , estimated from Eq. 3 using measured quantities in those galaxies. The open circles show data for nuclear starburst disks, the star symbols show for normal spirals galaxies and the filled circles show for nuclear gas in spirals. The solid line corresponds toΣ ⋆ ∝ M 2.3 rot . 
(1) Kennicutt (1998) ; (2) Downes and Solomon (1998) ; (20) Murphy et al. (1996) 
A Physical Interpretation in Terms of Self-Regulation
It is well established that galactic disks are observed to be globally in equilibrium, for galaxies ranging from local spirals (Martin & Kennicutt 2001 ) to starbursts such as ULIRGs (Downes & Solomon 1998) , with measured Toomre Q parameters close to 1, in the case of a 'turbulent' version of the Toomre parameter: Q turb = v rms turb κ/πGΣ, where v rms turb is the observed velocity dispersion in the gas. This state close to stability (Q turb ∼ 1) was first suggested by Goldreich & Lynden Bell (1965) to be due to a self-regulation feedback loop; if Q turb >> 1, in the absence of heating driven by instabilities the disk will cool rapidly and the system will eventually become unstable, while if Q turb << 1 then instabilities and star formation feedback will be so efficient that enough turbulence will be produced to 'heat' the disk towards Q turb ∼ 1.
While most galactic disks are close to marginal Toomre stability, some, such as nuclear disks in starbursts, can be much more turbulent than the disks of normal spiral galaxies. The reason is that although disks are all at Q turb ∼ 1, they can have self-regulated states with different levels of turbulence (v Padoan et al. 1997; Padoan & Nordlund 2002; Federrath et al. 2008 Federrath et al. , 2010 . Therefore, it is expected that the SFR in galaxies scales with the velocity dispersion of turbulent motions. From this we can infer, at least qualitatively, that a galaxy with a higher M rot should have a higher star formation activity.
In summary, as the largest mass-scale not stabilized by rotation M rot increases for a given disk, its self-regulated state has an increasingly turbulent ISM (v rms turb ∝ M η rot with η > 0, for Q turb ∼ 1). A self-regulated state with higher v rms turb (which itself controls and enhances star formation) implies higher star formation activity, and therefore the correlation between the critical mass-scale defined by rotation and the SFR is expected.
Galactic SFR for an ISM characterized by a Lognormal PDF
In order to quantify the arguments given above, in this section we will compute the predicted SFR for an ISM dynamically controlled by turbulence in which the rms velocity dispersion of turbulent motions v rms turb is determined by M rot . We will follow an analysis analogous to Wada & Norman (2007) , starting with the assumption that the density PDF of the multiphase ISM in a galactic disk can be represented by a single lognormal function:
where ρ 0 is the characteristic density scale and σ is the dispersion of the lognormal PDF. Although there is evidence for deviations from a lognormal function in the tails of the density PDF (Scalo et al. 1998; Federrath et al. 2010) , for simplicity we neglect any higher order correction.
If the star formation occurs only in regions whose density is higher than a critical value (ρ > ρ c ), the SFR per unit volume on a global scale is given by:
where ǫ c is the efficency of star formation, δ c = ρ c /ρ 0 is the critical density contrast for star formation, ρ V = ρ 0 e σ 2 /2 is the volume-average density and f c = 0.5 1 − Erf
is the mass fraction of gas whose density is higher than ρ c (for a derivation see §3 of Wada & Norman 2007) . Numerous numerical studies have claimed that, in addition to the approximately lognormal form of the PDF, the dispersion σ is determined by the rms Mach number M rms = v rms turb /C S , where C S is the sound speed (Vázquez-Semadeni 1994; Padoan et al. 1997; Padoan & Nordlund 2002; Federrath et al. 2008 Federrath et al. , 2010 . When a log-normal PDF is assumed, the σ − M rms relation can be expressed as (Padoan et al. 1997) :
where b is a parameter that varies from 0.3 to 1 and depends, for example, on the compressive to solenoidal modes of the turbulence forcing (Federrath et al. 2010) . Since the forcing mode (and therefore b) may vary across regions of the ISM (Federrath et al. 2010) , and since the sound speed certainly does vary across the ISM, it is convenient for our analysis to define a volume-averaged, b-weighted, sound speed C S =
Using equations 4, 6, and 7, we can write the SFR per unit area (Σ ⋆ =ρ ⋆ H) aṡ
and Figure 2 shows the comparison of the predicted correlation betweenΣ ⋆ and M rot from Eq 8 against the data listed in Table 1, and 10 −4 . In Figure 2c the curves show SFRs for δ c = 10, 10 2 , 10 4 and 10 5 . Finally, the curves in Figure 2d show SFRs for C S equivalent to temperatures of T=25, 75, 750 and 2500 K.
From Figure 2 it can be concluded that with a single set of parameters (thick solid lines) Eq 8 is able to successfully reproduce the whole correlation, in contrast with the analogous work of Wada & Norman (2007) , which did not reproduce the K-S law with a single set of parameters and relied on a variable star formation efficiency ǫ c (between normal and starburst galaxies) in order to reproduce the observed data.
SUMMARY
In this Letter we have studied the role of the largest mass-scale not stabilized by rotation in galactic disks in triggering star formation activity in galaxies. We find that a relation between the largest mass-scale not stabilized by rotation and the SFR is observed in galaxies ranging from ULIRGs to normal spirals. This relation has a level of scatter comparable to the Kennicutt-Schmidt Law, and is the only known correlation of the global SFR with a quantity with clear dynamical meaning in terms of stability analysis.
We give a physical interpretation for the existence of such a correlation in terms of self-regulation. In a given disk, as the largest mass-scale not stabilized by rotation increases, its self-regulated quasi-stationary state has an increasingly turbulent ISM (v rms turb ∝ M η rot with η > 0, for Q turb ∼ 1). Therefore, the role of the critical mass-scale in a disk is to define the amount of turbulence allowed to be in quasi-stationary equilibrium. Since a self-regulated state with higher v rms turb enhances a higher star formation activity, we expect the existence of a correlation between the mass-scale for global stability and the SFR.
We check the validity of this self-regulation scenario by computing the predicted SFR for an ISM dynamically controlled by turbulence in which the rms velocity dispersion of turbulent motions v rms turb is determined by M rot . We find good agreement between the predicted and observed SFRs.
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